The rarity of primary subg lottic malignan cies, along with the varied definitions of the anat omi c confines of this region, have lim ited our und erstanding ofthe pa tte rns of tum or spread within the subglottis. We conducted a retrospective chart review to analyze clinical and pathologic data in pa tients with subglottic carcinoma. A patt ern of disease progressi on was ident ified, whic h is defin ed by the cartilaginous laryngealfra mework, with thefib roelastic barriers susceptible to tumor invasion.
Introduction
Prima ry subg lottic malignancies are rare. Th ey represent onl y I to 8% of all laryn geal ca ncers .' Our und erstandin g of the mecha nisms of tum or sprea d in this area is lim ited by the rari ty of primary malignancies in this regi on and by the lack of a uniform defin ition of the subglottic space .The purp ose of this paper is to further ex plore the pattern s of subglottic tumor spread by describing the findings of our retrospecti ve review of clin icopathologic data on patients with primary subglottic carci noma who presented to the University of Michigan Medic al Center between 1964 and 1994 . A knowledge of the patterns of tumor progression enhances the potential for earlier diagnosis and allows for more accur ate staging and more effective treatment of the prim ary disease proc ess.
While the inferior boundary of the subglottis is uniformly defined as the bottom of the cricoid cartilage, the definition of the superior boundary is less clear. The liter atur e contains thr ee different definition s of the superior limit of the subglottic space: I) the inferi or border of the true vocal fold s (TYFs), 2) 5 mm below the free edge of the TYFs, and 3) I ern below the apex of the ventricle.P Whil e the third definition is the one currentl y accepted by the Am erican Joint Committee on Cancer, various investigators have used the others in study ing these lesions. Thi s lack of uniform reporting has hindered the study of this disease process.
Work by Pressm an" and Kirchn er>" indica tes that the supraglottic and glo ttic larynx are compar tme ntalized by fibroelastic memb ranes. Although these structures do play a role in definin g the pattern s of tum or spread, the curren t study sugg es ts that they do not for m reli able barri ers in the subglo ttis. Even in cases oflimited muc osal disease and an intact cartilaginous laryngotracheal infr astructure , paraglottic-space extension and spread of disease beyond the laryngotracheal con fine s do occur. The relative sparing of the regional cartilage in combination with minimal mucosal abnormalities may hinder earl y Symptoms at presentation included voice change in 7 patien ts, shortness of breath in 4, and hemoptysis in 3 (table 2) . Five of the 6 patie nts for whom tumor descriptio ns .were avai lable had experienced tumor exte nsion into the inferior aspect of the TVF. Overall, 5 patients were noted to have had TVF para lysis on clinical examination-3 unilateral and 2 bilatera l. These findings sugges t either deep thyroarytenoid muscle or cricothyroid joint involvement.
Information on tumor staging at the time of the initial diag nosis is presented in table 3. All 3 pat ients who had prese nted with stage II disease had involvement of the inferior aspect of the TVF without evidence of motion impairment. Five patients ultimate ly required a tracheotomy during therapy, 4 of them on an emergency basis. Only I patien t had presented with a lymp h node metastasis at the time of initial diagnosis, and this patient had locally advanced disease.
We performed a pathologic review of the archived histo logic specimens from 2 patients who had undergone total laryngectomy as their primary treatment. One of these patients had previously failed induction chemothera py. Twenty-four slides were available for study in one case, and 35 slides in the other. In both spec imens , the striking low-power feat ure was the maintenance of intact outlines of most of the car tilaginous rings; the tong ues of
M aterials and methods
We performed a retrospective chart rev iew of the recor ds of all patien ts who were treated for primary subg lottic malignancy at the University of Mic higan Hospital duri ng the 30-year per iod from 1964 to 1994. Only those patients who had prese nted with prima ry squamo us cell carcinoma in the subglottic space-which we defined as the area I em below the apex of the ventricle superiorly to the lower borde r of the cricoi d inferiorly-were included in this study. Patie nts whose carcinomas extended into the subglo ttic space from elsewhere in the larynx were also excl uded. Ten patients met our criteria for inclusion. All had a minimal follow up of 2 years .
We noted each patient's age at diagnosis, race , sex, presenting signs and symp toms, social history , suspec ted diag nosis at the time of prese ntatio n, and the method of definitive diagnosis. We reviewed clin ic notes and operative report s to identify the exact location of the primary tumor in the subg lottic space. Tumor stag ing was performed in accordance with standard TNM (tumor, nodes, and metastases) crite ria . One patient who m we cou ld not stage beca use of incomplete records was included in the study on the basis of avai lable demographic data, symptoms at presentation, and follow up. We reviewed pathology report s and recorded tumor histology and pathological stage . Additiona lly, we retrieved and reviewed surgical pathology from patients who had undergone total laryngectomy in an attempt to define the histologic patterns of disease progression. Histopathology slides were ava ilable for 2 of the 10 patients. Of the remai ning 8 patients, 7 had been treated with primary radiot hera py, inclu ding 1 patie nt who had undergone surgical salvage . Archiva l specimens were unavailable for the patient who had undergone surgical salvage and for the remaining I patient. We note d any mention of car tilage, thyroi d, carotid, or trachea invasion and lymp h node metastasis.
We also ana lyzed the treatment of the primary tumo r, including adjuvant therapy. We reviewed the incidence of local recurrences, synchronous/metachrono us distant metastases, and second primary tumors and the treatment moda lities that were employed. Finally, we noted the disease status of each patient at their last follow up and the cause of death .
Results
Demographic information on the 10 patients inclu ded in the study are presented in table I. The number of men and women was equal, and their history of alcoho l and tobacco use was sim ilar to that observed in other reports of head and neck malignancies. Table 3 . Clinical involvement of regional structures, categorized by stage of primary disease at presentation" "Pati ents with early-stage disease did not manifest clinica l evide nce of local desease spr ead, yet TVF involvement w as co mmon. (O nly 9 pat ients are includ ed in this analysis becau se inform ation on th e initial tum or stage was not available for 1 pat ient.) 
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Discussion
The principal conclusion that we derive from this study is that squamous cell carcinoma of the subglottic region is a locall y aggressive neopl asm, and that fibroel astic barriers within the subglottis are susceptible to local tumor spread. Pathologic analysis of archived histologic specimens under low-power magnification revealed intact outlin es of most of the tracheal rings and tongues of inv asive carcinoma preferenti ally invading throu gh the spaces that separate these cartilaginous island s. Although we found some minor erosions of cartilage by invasiv e tum or on close scrutiny, the bulk of the chondroid tissue appeared to have been resistant to the adv ancin g bulk of the tum or. One specimen revealed that the TVF was uninvolved by the tumor, although the par aglottic-space tissues at the same level as the vocal fold were largely repl aced by invasive carcinoma. In one of these patients, histology showe d that the TVF was IV (n=4) uninvolved by the tum or (figure 2), although the anter ior soft tissues and skeletal muscle at the same level as the vocal fold were largely replaced by invasive carcinoma ( figure 3 ).
Survival as related to the tumor stage and the type of treatment employed is presented in table 4. Although the numb er of patients we evaluated is too small for meaningful surviva l analysis, the fact that only I of the 5 patients who had stage II disease or less and who had been treated with prima ry radiation therapy died of thei r disease within 5 yea rs suggests that irradiation may be a viable treatment option in early-stage disease. Four patient s ultimatel y developed recurrent disease-I at the primary site, 1 at the primary site and the neck, 1 at the primary site, neck, and distantly , and 1 with persistent disease. It is interesting that the 2 patients who developed secondary nodal disease had had a synchronous recurrence at the prima ry site. Four patients ultimately developed a seco nd primary tumor-l cervical squamous cell carcin om a, 1 menin giom a, I ampullar carcinoma, and I synchronous primary tumor of the lung. plasms enter early into the paraglottic space and spread within the region bounded medially by the conus elasticus and laterally by the hyaline laryngeal cartilages. Because the conus elasticus, cricothyroid, cricotracheal, and intertracheal membranes do not provide a reliable barrier to tumor spread, squamous cell carcinoma has the potential to enter the prelaryngotracheal space, often without manifesting overt clinical signs. Support for this model is provided by the relationship of our patients' signs and symptoms to the descriptions of their tumor appearance at presentation. Four of the 5 patients who had early-stage disease presented with hoarseness. Patients with advanced disease often present with airway distress . Tumor descriptions revealed an incidence of bilateral TVF paralysis in 2 of the 5 patients with stage III or IV disease who presented with shortness of breath. The combination of these signs and symptoms in the patients with advanced disease and limited mucosal involvement is further evidence of significant paraglotticspace involvement.
In his study of whole-organ sections oflaryngeal carcinomas , Kirchner demonstrated that although these tumors can spread via vascular or perineural routes, they spread primarily via direct extension.v' The current study 628 reveals that while the intrinsic fibroelastic barriers (eg, the conus elasticus) limit the spread of tumor in its earliest stages, tumors can spread freely within the defined space once these barriers are violated. Whole-organ section would be required to verify this model. However, the limited number of patients who have this site-specific disease process, combined with the lack of tissue availability of patients treated with radiotherapy, make wholeorgan section difficult to perform. In fact, in Kirchner's study of 100 whole-organ sections, only 3 were subglottic primaries, and 1 of these patients had received previous radiation therapy.' The strong theoretical basis for this model in light of the anatomic and symptomatic descriptions of subglottic primary tumors in patients with varying stages of disease renders this model a plausible and useful tool for the clinical study of subglottic malignancy.
This anatomic model for the spread of subglottic tumors has three points of clinical relevance. First, because mucosal disease does not appear to playa significant role in this disease process, the diagnosis of primary subglottic malignancy is often delayed. This point is emphasized by a study performed by Berger et aI, in which whole-organ sections were performed on the larynges of patients who presented with presumed TINOMO squamous cell carcinoma of the glottis and who failed primary radiation therapy. 1 This analysis revealed that 9 patients who had a primary subglottic tumor with secondary TVF involvement were erroneously diagnosed initially as having a primary TVF tumor. Because of the difficulty in diagnosis, these patients have historically presented with advanced disease and its attendant poor prognosis. Recognizing the potential for limited mucosal involvement in this disease process, it is incumbent upon the otolaryn- for aggressive airway management in this patient population. Five of the 10 patients in our series required an emergency tracheotomy for progre ssive airway obstruction, and another patient required a planned tracheotomy at the time of laryngoscopy. Prev ious studies have identified CT as an important component of the preoperative airway management of these patients bec ause this may be the only means to adequately evaluate inferior tumor extension and thus avoid tumor spillage during tracheotorny .? Shapshay et al provide an algorithm for airway management in patients with tumors in this region that includes consideration of awake fiberoptic intubation and awake intubation with a ventilating tracheoscope for airway control. " Regardless of the method of airway control, the high incidence of airway obstruction in this patient population mandates careful preoperative con sideration of optimal airway management for each patient.
The demographics, tumor histology, treatment, and survival of the patients reported in our study did not significantly differ from those found in previous reports . It is interesting that 50% of the patients in our study were women , a gender trend noted by previous investigators. It is unclear why a greater percentage of women have subglottic tumors than other squamous cell malignancies of the upper aerodigestive tract.
In conclusion, this paper bring s to light several important features of subglottic carcinoma. Although it is a retrospective review, the low overall incidence of subglottic carcinoma makes this series of particular value. Specifically, because muco sal disease does not appear to gologist to maintain a high index of suspicion for primary subglottic neoplasms in patients who present with unexplained voice change, respira-Stage at tory distress, or TVF paralysis.
Presentation
Second, because subglottic carcinomas appear to respect the boundaries of the intrinsic laryn- mation of the CT findings was not provided. Therefore, although imaging studies may detect cartilage invasion in some patients, it is imperative that the physician recognize the propensity for the direct extension of subglottic carcinoma into the neck without causing any underlying cartilage abnormality.
Third, only 1 of our 10 patients with squamous cell carcinoma had lymph node metastasis at the time of presentation, and this patient had locally advanced disease. Moreover, the 2 patients who subsequently developed regional nodal metastasis also had a synchronous recurrence at the primary site. Thus, while Harrison argues that nodal metastases are often missed because of their location in the paratracheal and mediastinal region, the presence of primary nodal disease in only 10% of patients suggests that nodal dissection is necessary only in patients who have clinical evidence of regional metastases and in those who present with advanced or recurrent local disease. 10 While symptoms varied, 70% of our patients experienced voice changes and 40% were short of breath. Five ofthe 6 patients for whom accurate clinical tumor descriptions were available experienced tumor extension into the inferior aspect of the TVF. These data are in accordance with Stell and Tobin's series, in which there was a 50% incidence of TVF fixation at the time of presentation. I I Previous studies have found that patients who are treated with primary surgery have higher survival rates than those who are treated with radiation. However, of the 4 evaluable patients in our study who were treated with primary radiation, only 1 had evidence of recurrence within 5 years. While the small number of patients in our study clearly precludes statistical evaluation, radiotherapy should be considered as a potential treatment option for patients with early-stage disease, given the slow growth rate of these tumors andtheir defined patterns of spread .
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• CE, UL, and CSA compliance, available for any voltage, for any country. play an important role in the disease process, the diagnosis is often delayed. Second, because subglottic carcinoma seems to respect the car tilageno us bou ndaries of the larynx and escape through the intercartilagenous infrastructure, imagin g studies may reveal no evid ence of invasion, eve n in the face of advanced disea se. Finally, the low incidence of nodal metastasis in the paratrachea l and mediastinal region s implies that resection of these compartmen ts is not as important as the liter ature suggests. Irrespective of the treatment modality, airway considerations remain par amount in this population, give n the high incidence of airway compro mise.
